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Weapons  Research  Memo  3/50 

Closed  Vessel  cxaiidnPvtion  of  tv/o  samples  of  idaerlean 
eool  prupcllant. 

K,d.  Flint . 


GuuiiiiP.ry 


In  eonneetion  vvith  U,3,  -  d,  k,  eollaooration  in  the  gun  wear  problem,  two 
samples  of  a  eool  propellent,  supplied  by  the  U.S,  authorities,  iiave  been 
examined  by  the  Closed  Vessel  method  for  eomparison  with  the  British 
equivalent.  The  eomposition  was  similar  to  the  British  F.^^^y/^SS  formulation 
consisting  uiainly  of  nitroeellulose ,  nitroglyeerine ,  pieritc  and 
dibutylphthalat^ ,  with  a  nominal  flainc  temperature  of  One  sample 

was  in  core  form,  and  the  other  wa-s  multitubc.  Foi'  the  purpose  of  the 
eojiipa.rison ,  results  were  already  available  for  eord,  aiuititube  (ivi.T.)  and 
slotted  tuoe  (S.T.),  F,  527/155  mnnuf acturod  by  C.S./E.R.D.E.  from  the  same 
mix  of  ingredients. 

The  rate  of  burning  eonsbaxit  for  the  AiAoriean  eord  saiiiplo  was  found  to 
be  a.bout  5  greater  than  that  of  the  British.  This  is  eonsidered  to  be  a 
reasonably  good  mat  eh. 


ilo  t^videriee  of  erosive  burning  of  the  Amerieaia  m. T.  saiiiple  v/as  apparent, 
and  the  geometrieal  form  funetion  was  therefore  used  in  dedueing  rates  of 
burning  fro..i  tne  Closed  Vessel  experimental  results.  On  this  basis,  the 
ameriean  ivi.T.  was  sorae  I3  slower-burning  than  the  ximcriean  eord. 

In  the  ease  of  the  British  m.T.  ,  there  was  some  evidenec  of  erosive 

burning;  eonsoqucntly ,  as  is  usual  in  sueh  eases,  eonstnnt  burning  surfaee, 
associated  v/ith  an  p.ppropriate  inererse  in  v/eb  thiekness,  was  assumed  in  the 
ra.Gc  of  burning  ea.ieuLations .  On  this  ba.sis,  the  rat;e  of  burning  eonstants 
for  the  British  eord  and  multitube  \7erc  in  very  elose  .agreement:  the  spread 
betv/een  the  eord,  ...T.  and  S.T.  was,  in  f aet ,  little  more  than  1  /o.  nearing 
in  i.Bnd  the  different  assu.iptions  i.iade ,  the  British  ^.i.T.  was  about  9 
faster-burning  than  the  AeiOrioan  k.T, 


Whai  fired  p.t  a  loading  density  of  0.2  gra..*s  per  e.e.  ,  the  i.iaxi^iUii 
projsure  produced  by  the  iuierican  i.i.T.  saiiplc  is  about  I3  less  in  the  iuierican 
vessel  thpn  in  the  consiciorably  lp.rger  British  vessel.  Of  this,  little  i.iore 
thcan  3  /o  is  attributable  to  difference  in  heat  lost  by  conduction  to  the  vessel 
walVs,  '^did  the  re..i.''-ind(.r  is  thought  to  be  duo  cither  to  a  grep.ter  energy  loss 
■’hrough  exp'^nsion  of  the  vessel  or  co..iprcssion  of  the  obturation  in  the  ..iacrLcpn 
design,  or  to  an  inaccurate  assessment  of  vessel  volu..ic. 
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nriM-R^Tnw^TAT. 

DISCilSEi^ 


A.A.E.^^ef crenee  -  File  V.R.  111/2. 

Closed  Vessel  examination  of  two  samples  -  Ex.  6638  and  Ex.66M  -  of  aii 

Ainerican  cool  propellant,  and  a  couiparison  with  the  equivalent  British 

cQ.iijjQsition . 

( )  Introduction 


la  eonaeetion  with  the  development  of  cool  propellants  for  prolonging 
gun  life,  the  U.S.  and  U.K.  have  recently  exchanged  sainples  of  the  F.  527/1 55 
formulation  for  gun  tria-ls,  this  composition  showing  some  promise  of  being 
suitable  for  ultimate  Service  use.  The  U.K.  have  sent  the  U.S.  750  lb. 
spjnples  of  eaeh  of  throe  sizes  of  aiultituoe  and  one  size  of  sloTitcd  tube  for 
triad  in  the  3~i^ch/70  gun;  ajid  approximately  the  saiue  quantity  of  each  of 
three  sizes  of  multitube  for  triad  in  the  17  pr.  gun,  together  with  a  small 
sample  of  0.1 -inch  diajnetor  cord  for  Closed  Vessel  test,  have  been  received 
in  this  eountry. 

In  addition  to  the  special  samiple  of  eord,  (lot  Ex. 6641 ),  a  sample  of 
the  smallest  size  of  muititube  supplied  by  the  U.S.  (lot  Ex. 6638),  v^as 
received  for  Closed  Vessel  examination. 

Closed  Vessel  results  for  composition  P.527/155  both  multitube  and 
slotted  tube  form  have  already  been  reported  (ref.l).  In  addition,  samples 
of  this  composition  in  all  four  of  the  common  Service  shapes,  (i.e.  cord, 
tube,  slotted  tube  and  muititube),  pressed  from  the  same  i^iix  of  ingredients, 
have  recently  been  the  subject  of  another  investigation,  not  yet  reported. 
Thus,  it  is  x^ossible  to  uiake  a  comparison  between  Aiueriean  and  rJritish 

p. 527/1 55. 

During  the  visit  of  the  U.S, /Canadian  iaission  to  this  eountry  in  the 
autUi-iU  of  1949,  the  U.S. Bureau  of  Ordnanee  representative  i*ef erred  to  a 
discrepancy  of  some  20/o  betv/een  the  force  constant  for  F.  527/1 55 
calculated  from  thcrmochcinstry  and  the  figure  deduced  from  the  results  of 
closed  uo.ab  tests  in  the  U.S.  This  i.iatter  was  given  partieular  attention 
in  the  present  experiments. 

(2)  Propellant  data . 

(a)  Nominal  compositions: - 


Ajiierican 


Nitrocellulose 

Nitroglycerine 

Ficrite 

D±  but  y  Ipht  h  Irat  at  e 
Centralite 


20.0(1 3. 15^-  N2) 
8.28 
60,0 
9.72 
2.0 


Gnlculatod  fla..ie  temperature  (fo)  1889 

Calculated  foree  eonstant  (X^ 

tons  per  sq.in./g^.i.per  c.c.  51.59 

Co-volu-ic  (h  ;  e.es.  per  gm.  1.068 

hatio  of  specifie  heats  (y)  1.31 

1. 

CONriiitliiMQliMj 

DISO^ET 


British  527/1 55 

/O 

20(13. 2^-  N2) 

8.86 

60.0 

8,50 

2.64 

1950  °K 


( b )  American  lot  no.  Ex. 6638;  shape,  mltitube . 


Analysis:  - 

Nitrocellulose  (13. "1 5-^  N) 

20.17 

f 

Nitroglycerine 

9.35 

Picrite  (British,  20,000  cm 

o 

o 

59.05 

Dibutylphthlatat  e 

9.50 

Centralite 

1 .93 

Total  volatiles 

0.0 

Ash 

0.11 

Density 

1.65  grains 

per  c.c. 

Tq  (calculated  from  analysis) 

1941  °K 

\o  (  "  "  ) 

52.66  tons  per  sq.in./gm.per  c.c. 

♦ 

T] 

1 

.068 

t 

Dimensions:  - 

inches 

t 

» 

External  dipaneter 

Diameter  of  perforations 
Inner  web 

Outer  web 

Average  web 

Length 

0.1318 

0.0129 

0.0223 

0.0242 

0.0233 

0.3337 

(c)  American  lot  no.  Ex. 662^1; 

shape ,  cord 

Analysis:  - 

Nitrocellulose  (13,15/^  ^^2) 

20.21 

Nitroglycerine 

9.11 

Picrite  (British,  20,000  cm?/c.c.) 

59.54 

Dibutylphthlat  at  e 

9.21 

Centralite 

1.93 

i 

Total  volatiles 

0.34 

^^sh 

0.06 

Density 

1.66  grams  per  c.c. 

Tq-  (calculated  from  analysis) 

1957  °K 

Xo  (  "  -  -  ) 

52.98  tons 

per  sq.in./gm.per  c.c. 

T] 

1  .068 

Dimensions:  - 
Diaineter 

Length 

inches 

0.1002 

6.45, 

1 

2. 


^ d )  Br it i sh  B.  527/1  55.  lots  ji]. x-:.D.B.  28 1 1^l(cord).  281  IC(rnultitube)  ai^ 

281 1  tube). 


..11  three  samples  processed  from  the  same  single  incorporation  of  fresh 
j.agreaients . 


.iOi.dnal  composition,  Iq  ,  and  7?  assumed,  i.e,  Iq  =  1950  °K 

=  52.9 
n  =1.06 

Bicritc  used  -  normal  Naval  grade. 

Density  -  1.609  grams  per  c.c. 


Dimensions: - 

not  B.i-t.D.B.  2811  a  cord  - 

Lot  L.N.D.L.  2811  0  multitube 


0.052  ins.  diameter. 

external  diaiueter  0.290  ins. 
perforation  diameter  0,030  ins. 
mean  web  0.0 50  ins. 
length  of  grain  0,697  ins. 


Lot  L.N.D.L. 


2811  I  slotted  tube-extenial  diameter 

hole  diameter 
annulu.s 

slot  area  =  18/^ 


0.1 59  ins. 
0.053  ins. 
0.053  ins. 
of  total. 


(3)  Experimental  method  (see  Ref.  4>5,and  6  for  descriptions  of  apparatus). 

For  conventional  propellants,  a  Closed  Vessel  loading  density  of  0.2 
graiis  per  c.c.  is  employed.  At  this  loading  density,  A  ,  however,  the  very 
cool  propellants  (e.g.  those  with  an  adiabatic  flame  temperature  less  than 
2200  °k)  produce  comparatively  low  uwximurii  pressures,  (less  than  14  tons  per 
sq.in.;  and  it  is  now  the  practice,  in  such  cases,  to  increase  the  loading 
density  to  0.25  grams  per  c.c.  for  norim'.l  dot eri.iinat ions  of  the  rate  of 
burning  law.  i-s  the  nondnal  volu^.ie  of  the  vessel  is  700  c.cs.,  this  loading 
density  corresponds  to  a  charge  weight  of  175  gra^s.  Ignition  is  effected 
by  ..lea.ns  of  a.  bag  containing  about  ijf  gram  of  gunpowder  wrapped  around  a 
fuse-wire,  with  an  a.dditioiia.l  grai.i  of  gunpowder  sprinkled  over  the  charge. 

fhe  vessel  body  is  enclosed  in  a  water-jacket  for  i.nintaining  the 
standard  temper-ture  of  SO^P  for  non.ial  radc  of  burning  assessments,  and 
the  charge  is  kept  at  this  tCi.iperature  in  an  incubator  for  about  24  hours 
before  firing. 

fhe  piczo-elcctric  recording  a.ppa.ratus  records  the  rate  of  pressure  rise 
(  ^  j  a.gainst  pressure,  and  is  so  designed  that  a  calibration  grid  is 

G.  L 

superi imposed  on  the  record,  each  pressure  step  corresponding  to  one  ton  "per 
sq.in.  ,  and  each  ^  step  corresponding  to  a  pre-set  nu..iber  of  tons  per  aq.  in. 

dt 

per  soc,  ,  in  the  present  case  200  for  Ex, 6638  Paid  50  for  Ex. 6641.  Specii-ien 

records  are  reproduced  at  C  and  D  in  Pig.  1  . 

Thus,  for  the  deter. ana.tion  of  rate  of  burning  laws,  three  rounds  of 
each  of  the  two  U.3,  sa..ipies,  Ex. 6638  and  6641  ,  v/ere  fired  in  the  7OO  c.c. 
Closed  Vessel  at  a  noi.dnal  loading  density  of  0.25  grains  per  c.c.  and  a 
charge  tci.ipcrature  of  80^F ,  In  every  case,  a  tra.velling  uicroscopc  was  used 
to  imeasurc  ^  at  pressure  intervals  of  one  ton  per  sq,  in.  The 
dt 

calculations  for  rate  of  burning,  etc.,  v^’cre  carried  out  on  the  ucan  results 
for  the  three  rou-ids  in  each  case,  Si.iilar  results  for  P.527/155  lots  E.R.D.E. 
2811  **  (cord),  2811  C  (lu.T.)  and  2811  I  (slotted  tube)  v/crc  already  a.vaila.blc 
froi.i  a  previous  investiga.tiun. 


A 


3. 


The  American  Closed  Vessel  firings  of  'Zx.663b  were  carried  out  in  a 
vessel  of  200  c.cs.  nominal  capacity,  (U. 3.  reference:  File  no.  J3h  -  138  -  100 
l),  at  a  nouiinal  loading  density  of  0.2  graias  per  c.c.  In  this  case,  also  ^ 

dt 

recording  was  used,  calibration  being  in  the  form  of  a  series  of  dots  on  the 
record,  at  distances  apart  corresponding  to  known  voltages.  Thus,  for  the 
American  type  of  record,  pji  exaiuple  of  v/hich  is  given  at  A  of  Fig.  1  ,  it  is 
necessary  to  perform  simple  calculations  to  convert  the  calibration  voltages 
into  units  of  tons  per  sq.in.  and  tons  per  sq. in.  per  second  before  rates  of 
burning  can  oe  ca.lcula.ted. 


CUT  ^  p 


For  direct  comparison  with  the  Americaii  record,  a  single  round  was  fired 
p.t  the  American  leading  density  of  0.2  gra.ms  per  c.c.  The  maxiinum  pressure 
reached  in  this  round  wa.s  eonsido-rably  greater  tha,n  the  mean  of  che  three 
A..ierican  rouids.  An  estiniate  was  then  made  of  the  loading  density  required 
in  the  British  vessel  to  give  the  sa.ae  nmxiuium  pressure  as  tha.t  reached  in  the 
Ainerican  firings,  ajid  three  rounds  were  fired  at  this  loading  density.  The 
three  records  so  obtained  -are  reproduced  at  E,  F  and  G  of  Pig.  1. 

(2(.)  Kesults 

(a)  Cord  siiape. 

Prom  the  mean  measurements  of  each  of  the  three  sets  of  records,  rates  of 
burning  were  calculated  as  follows 


D.  ^ 
dt 


=  D 


2^ 


dt 


1 


J'-z 

^  III 


where  D  =  the  initial  cord  diameter 

Df  =  the  cord  dirmeter  at  some  stage  during  burning  when 
P  =  the  pressure,  (i.e.  f  =  1  initially,  and  =  0  at  the  end  of 

burning) , 

-Hi  =  'the  maximum:!  pressure  of  the  firing,  and  the  value  of 

ck^  =  that  corresponding  to  the  pressure  J?. 
dt 

-  D.  ^  is,  of  coarse,  the  ra^te  at  v/hich  the  propellant  stick  diaraeter 
dt 

is  decreasing  during  burning. 


This  calcul^^.tion  does  not  take  into  account  burning  at  the  ends  of  the 
propellpait  sticks.  To  correct  for  this 
divided  by  1-  a(l-2f) 

2^^  a(l  ~  f ) 


,  the  approxima.te  rate  of  burning  is 
where  a  =  cord  diariieter 


stick  length 


and  f  =  / ^  .  In  the  present  instaiice,  a  =  0.02  for  the  American 

■^iii 

sample,  and  0.0104  for  the  british  sample.  Thus,  the  correction  is  simall,  being 
the  groa-ter  for  the  Auierlean  sa.mple,  for  whieh  it  amounts  to  ~  ^/i  at  the 
comuenee*.*ent  of  burning  (i.e.  at  f  =  1),  and  +  1,.  at  the  end  of  burning  when 
f  =  0,  changing  sign  at  f  =  0.7325.  The  corrected  rates  of  burning  are  then 
multiplied  by  iM  +  "H:-  ^  p  to  eorrect  for  the  effect  of  the  propellant  shape, 

(ref. 2).  In  this  las^  expression,  x"  is  the  pressure,  as  before,  6  is  the  c:ensity 
of  the  solid  propellant,  t]  is  the  co-volume  of  the  propollaiit  gases,  anu  is 
the  uncooled  force  constant  for  the  propellant,  using  the  eorrect  eo-volume; 


I.e, 


-  T]  )  - 

A 


where  =  the  loading  density. 


4. 


The  corrected  rates  of  burning  are  'plotted  legarithmically  against 
pi  ^-  ssure  in  Fig.  2.  In  both  cases,  the  plotted  points  lie  on  good  straight 
lines  up  to  a  pressure  of  about  3.5  tons  per  sq.in.,  and  on  different  straight 
lines  at  pressures  in  excess  of  this  value;  i.e.  in  both  cases  there  is  a 
.T.-.-r^ed  change  in  burning  lav/  (which  rna,^  be  expressed  in  terms  of  by  virtue 

of  the  linear  relationships  in  Pig.  2,  P  being  the  pressure  and  and  cx  constants ), 

"In  the  region  of  3.5  tons  per  sq.in.  Pig. 2  indicates  that  there  is  a  marked 

difference  in  burning  lav/  betv/een  the  American  and  British  samples  in  the 
pressure  range  of  from  1  to  3  tons  per  sq.in.,  but  this  is  not  important  in  the 
gun,  as  only  a  small  fraction  of  the  charge  is  consumed  v/hen  the  pressure  has 
reached  3  tons  per  sq.in.  It  is  at  once  evident  from  the  graph  that  the 
index  a  in  the  burning  lav/  for  the  American  sample  is  a  little  greater  than 
for  the  British  sample.  The  values  of  a  and  p  for  the  tv/o  samples  were 
determined  by  a  least-squares  method,  with  the  following  results; 

for  Ex  6641  -  D  ^  =  0  771 

dt 

,  0.698 

for  F.  527/1 55,  lot  E.R.D.E.  2811A.  -  =  0.820  P 

dt 

These  index  lav/s  of  burning  are,  of  course,  of  little  use  for  internal 
ballistic  purposes,  for  which  linear  burning  lav/s  arc  required  on  grounds  of 
mathematical  simplicity.  It  is  customary  to  convert  such  index  laws  to  their 
linear  equivalents,  by  a  method  described  elsewhere  (ref. 2). 

i.e.  -  D  ^  =  /?,  (24)^ 

dt  ^  ‘ 


the  suffix  1  denoting  that  a  has  been  adjusted  to  unity,  and  the  suffix  24 
denoting  that  this  adjustment  has  been  made  for  a  ms-ximum  true  pressure  in 
the  gum  of  24  tons  per  sq.in. 

For  Ex. 6641,  P^{za)  =  0.395  inches  per  sec. /ton  per  sq.in., 

and  for  P.527/155  lot  E.R.D.E.  2811  A,  p^  (24)  =  0.376 

Thus,  in  effect,  the  American  sample  burns  some  5%  faster  than  the  British 
sample. 


In  some  internal  ballistic  theories,  (e.g.  the  British  R.D,38),  the  force 
constant  used  is  that  for  \.hich  the  co-volume  of  the  propellant  gases  is 
assumed  to  be  equal  to  the  reciprocal  of  the  propellant ‘density.  This  form 
of  force  constant  is  denoted  by  Xi 


i.e.  P(_L_  4-)  =  4, 

A  T 

Xi  v/ill,  of  course,  vary  v/ith  A  (i.e.  v/ith  the  maximum  press^ure),  but  it  has 
been  shown  (ref .^2)  that  the  appropriate  value  of  Xi  to  use  when  certain  assumptions 
including  77  =  1 s^^iade  is  that  corresponding  to  the  pressure  at  all-burnt, 
i.e,  75%  of  the  maximum  pressure  approximately.  Thus,  for  a  maximum  gun 

pressure  of  24  tons  per  sq.in.,  Xi  at  18  tons  per  sq.in,  is  required.  This 
is  denoted  by  ^1  (  is  )  .  It  should  be  mention^  here  that  rate  of  burning  is 


is  constant  for  any 


slightly  sensitive  to  a,  i.e.  to  "but  Xi  |  -  D  df 

L  dt^ 

given  pressure.  For  calculating  p  ^  (^2a)  ^  \  (10)  is  the  correct  force  constant 
to  use,  and  it  is  necessary  to  introduce  a  correction  for  this  when  the 
maximum  pressure  of  the  Closed  Vessel  firings  differs  from  18  tons  per  sq.in. 
Such  correations  have  been  made  in  arriving  at  the  above  values  of  P\  (2^) 


5. 


Before  can  be  assessed  from  the  results  of  Closed  Vessel  firings, 

it  is  necessary  to  estimate  the  heat  lost  to  the  vessel  walls  during  the 
burning  of  the  propellant.  Prom  the  results  of  heat  loss  experiments  carried 
out  in  the  pavSt ,  the  estimates  are:- 

Por  Ex.66if-1  ,  heat  loss  = 

Por  F.  527/1  55,  lot  E.xi.D.E.  2811A,  heat  loss  =  4# 5a. 

Thus,  the  a.ssessmcnts  of  \(i8)a.re:- 

Por  Ex, 6641,  60,1  tons  per  sq. in, /grain  per  c,c. 

Por  P.527/155,  lot  E.R,D,E,  2811A,  >4(18)=:  58.9  tons  per  sq,  in. /gram  per  c,c. 

It  is  now  possible  to  inake  an  assessment  of  ^0  from  the  rela.tionship 

\  +  (n-i  )  Pm 

This  gives:  ^ 

for  ?"x.6641  ,  ^0  =  51.7  tons  per  sq.ixi,/gm.per  c,c,  (compared  vrith  53 

calculated  froin  thermochemistry) 

for  F,  527/155,  lot  F,R,D,E,  2811A,  =  51.0  tons  per  sq. in ./gm.per  c.c, 

(compared  v/ith  52-9  calculated  from  thermocheinistry ) 
i,e.  on  .an  average,  the  experimental  Xq  j.s  soxiie  3/‘  less  than  the  calcu¬ 
lated  value,  Part  of  this  discrepancy  may  be  due  to  inaccurate  assess¬ 
ment  of  heat  loss.  However,  this  does  not  affect  the  comparison  of  the 
tvro  samples,  and  it  is  seen  that  the  ”force”  of  the  American  sajnple  is 
1,4^^  greater  than  that  of  the  British  sample. 


Interpreted  in  terms  of  gun  ballistics,  the  differences  in  rate  of 
burning  and  force  between  the  American  and  British  samiplcs  a.re  such  that , 
for  a.  normal  ballistic  level,  equal  charge  weights  of  the  same 
propellant  size  would  be  expected  to  produce  muzzle  velocities  differing 
by  some  3^^,  the  American  sample  giving  the  higher  value. 


The  ratio  Rate  of  burning  of  Tmierican  sample  is  plotted  against 
Rate  of  burning  of  British  sample 

pressure  at  D  of  Pig,  4.  This  ratio,  originally  very  high,  decreases 
almost  to  unity  at  a  pressure  of  4  tons  per  sq.in,,  and  'thereafter 
gradually  increases  v/ith  further  rise  in  pressure, 

(b)  Slot tod-tube  shape 

In  this  case,  the  approximate  rate  of  burning  (ignoring  end-Duming) 
is  given  by:- 


-  D  df  =  D  dP _ 1 _ 

^  ^  -  4  0T"“ 

Pm 

where  D  =  the  annular  thickness  of  the  propellant, 

and  0  = _ _ =  d2 

area  of  cross-section  of  propellant  stick  "A 

=  0.159  in  the  present  case. 

This  expression  for  rate  of  bum.ing  follov/s  frou  the  assumption  that 
the  fraction  of  charge  hurnt  =  p 

=  (1  -  f)  (1  +  o'^f). 


The  exact  relationship  between  P  and  f  is:- 


F  =  (1  -  f) 


.  ^2  2 

^  +  I®  +  a  -  D 


.  a)  F 


6. 


where  p 


Thus,  terras  containing  "a"  have  been  ignored 


L _ 

stick  length 

for  the  Durpose  of  obtaining- the  approxiraa.te  relp.t  ion  ship.  By  assuming  that 
0=0“^+  a  instead  of  D  ,  some  allowance  is  .Tiade  for  end-burning  of  the 

A 

sticks,  and  vpill  lead  to  a  high  degree  of  accuracy  in  the  present  instance,  as 
"a"  is  very  sraa.ll  (=  0.01),  i.e.  0  =  0,169.  This  more  accurate  value  of 
6  was  actually  employed  in  calculation  of  rates  of  burning,  leading  to  the 
following  burning  la.w:- 

-  D  ^  =  0.796  (compared  with  0.820  r*  for  the  cord), 

dt 

For  the  equivalent  linear  burning  law,  (24)  =  0.380  ins, per  sec. /ton  per 
sq.  in.  (compared  with  0.376  for  the' cord).  The  difference  in  /F,  (24)  between 
the  cord  and  the  slotted  tube,  being  little  more  than  1%,  may  be  due  to  errors 
of  propellant  size  measurement ,  as  there  is  no  significant  difference  in  c:  • 


hstiinated  heat  loss  =  4.5/^,  f'nd  when  this  is  allowed  for, 

X,(io)=  58.8  tons  per  sq. in. /gram  per  c.c.  ,  corresponding  to 

Xq  =50.9  . .  "  "  " 

compared  with  X  q  =  52.9  calculated  from  therruochemical  data  (i.e.  a 
difference  of  l^o) . 


(c)  Multitube  shape  . 

The  expression  for  calculating  the  approxii.iate  rate  of  burning,  up  to  the 
pressure  at  which  the  web  commences  to  burn  through,  is:- 


where  D 
© 


0 


a  =  mean  web _  and  b  =  perforation  dip.mcter 

^rain  length  me, an  web 

For  the  American  sample,  hx.6638,  a  =  0.07,  =  0.55^,  C  =  0.85 

0  =  -  0.1 50.  With  perfect  ignition,  burning  by  parallel  layers,  and  all  v;ebs 
equal,  web  break-d'own  would  occur  at  83^i  of  the  iua.xL.iUi.i  pressure.  As  the  webs 
were  not,  in  fact,  equal,  in  the  ideal  case  the  thinnest  v/eb  would  burn  through 
at  81%  of  the  i.nxiraum  pressure. 

For  the  British  spj.iple,  lot  E;R.  U.  E.  281 10 ,  a  =  0.072,  b  =  O.6OO, 

C  =  0.847  0  =  -  0.137.  the  ideal  case,  the  web  would  burn  throu.gh  at 

84.^*  of  the  ..laxiuu-.i  pressure. 


-  TJ.  ^  =  D 

dt  O.F,^ 

=  xiiean  web  thickness, 
=  -  6  -  20a  -  20  ab 


dt 


V(e+1)^  -  46  'p 

c  Ym 


6  -  20a  -  20  ^ - ^  _  6  -  20a  -  20  ab  where  y=  144-20b+2a 

14  +  20b  +  2a  +  4  ab  +  2ab2  - - -  +AS+2ab= 


=  14  +  20b  +  2a+4ab  +  2ab^ 

16  +  24b  +  2b2 


16  +  22*b  + 


The  correct  rates  of  burning  are  obtained  by  dividing  the  approxi...at e 
rates  by:- 


1  + 


.  I2ar.  (1  -1.5  f) 


=  1  + 


y  [(1  -  0)  +  20f] 
.42f  -  .63f^ 


14.62  -  3.82f 


for  the  U.S.  sample. 
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'■nd  1  + 


for  the  British. 


.432f  -  .62tBf^ 

15. C3  -  3.70f 

Appropriate  values  of  ’f  are  calculated,  with  sufficient  accuracy,  from;- 
^  =  C(1  -  f )  (1  +  0f) . 

i.e.  f  =  -  (1-6)  +/(Ue)"-4§‘  ?nBx. 

Thus,  the  correction  amounts  to  about  at  f  =  1  ,  and  to  zero  at  f  =  0  (i\6, 
web  breakdown,  with  equal  webs). 

The  rates  of  ourning,  corrected  in  this  manner,  are  plotted  against 
pressure  on  logarithmic  axes  in  Fig, 3.*  In  the  case  of  Ex,  6638, the  points 
over  the  pressure  ra  ige  from  4  to  10  tons  per  sq.in,  lie  on  a  good  straight 
line,  suggesting  a  burning  Im/  of  the  usual  index  form,  but  this  is  not  true 
of  the  British  sf'aiple. 

In  Fig,  4A,  the  ratio  x^ate  of  burning  of  Ainerican  multitube  sPiy) 

Rate  of  burning  of  American  cord 

is  plotted  against  pressure.  This  ratio  comiiences  at  a  value  appreciably  less 
tha.n  unity,  presuinably  because  of  the  dela.y  in  completing  ignition  down  the 
perforations  of  the  multitube  sha.pe,  which  leads  to  an  under-assessment  of  ra.te 
of  burning,  it  being  assumed  in  the  calculation  that  ignition  over  the  complete 
charge  surface  is  effected  instantaneously.  The  shape  of  the  graph  suggests 
that  ignition  in  the  perforation  is  completed  at  a  pressure  of  about;  4  tons  per 
sq*in.  ,  ai*ter  which  the  multitube  burns  for  a  time  at  a  rate  a.bout  ^y/c  less 
than  that  of  the  cord,  with  no  indication  of  erosive  burning.  Due  to  the 
change  in  grain  geometry  brought  about  by  the  long  ignition  interval,  web 
break-down  occurs  at  .a  much  earlier  stage  than  would  have  been  the  case  in 
ideal  circumstances.  The  resultant  reduction  in  charge  turning-surface  leads 
to  an  apparent  decrease  in  burning  ra.te  in  compa.rison  with  cord,  and  the  ratio 
H  consequently  coinmences  to  decrease. 

From  the  straight  portion  of  the  appropriate  curve  of  Fig, 3,  the  law  of 
burning  for  Ex. 6638  is:- 

-  D  ^  =  0.664  (0.771  for  the  cord) 

dt 

pnd  A  (24)  3  0.343,  (0.395  for  cord) 

using  the  geometrical  form  function. 

i.e.  the  Aimerican  multitube  is,  in  effect,  135^  slower-burning  than  the  American 
cord. 


For  Ex. 6638,  ^1(^0)  =  59.9  (compared  with  60.I  for  the  cord)  after  allov/ing 
for  p.  heat  loss  of  4.1/'.  This  corresponds  to  a  ^0  of  3^*3^  compared  with  3^*1 
for  the  cord.  Thus,  multitube  and  cord  agree  well  in  force  constant. 

In  Fig. 48  (1)  the  ratio  Rate  of  burning  of  British  multitube 

Rate  of  burning  of  British  cord 

is  plotted  against  pressure.  The  ratio  coimnences  at  a  value  much  greater 
than  unity  (due,  it  is  suspected,  to  a  corner-burning  effect),  decrca.ses 
rapidly  to  about  0.9  ^nd  then  cOinniences  to  increase,  reaching  a  maximum  of  about 
1.08.  This  second  excess  over  unity  is  thought  to  be  due  to  erosive  burning 
of  the  propellant  in  the  perforations,  brought  about  by  gas  flow  over  the 
propellant  burning  surface,  the  result  being  to  increase  heat  input  to  the 
propellant  surface  with  a  consequent  increase  in  rate  of  burning.  It  is 
probable  that  erosive  burning  has  coumienced  before  the  plotted  ratio  has 
reached  unity  for  the  second  time,  which  occurred  at  about  3.5  tons  per  sq.in. 


8. 


In  any  event,  it  is  clear  that  ignition  in  the  perforations  wps  completed  at 
an  earlier  stage  v/ith  the  British  spaiiple  than  with  the  American  spaiiple. 

Thi^  is  to  be  expected,  as  the  British  sainple  was  of  a  larger  grain  dimension 
by  a  factor  of  more  tha.n  two.  Other  conditions  being  equal,  it  seems  likely 
that  the  ratio  perforation  surface  prea  (  d'^  ^  i  ) 

perforation  voluiae  ^3  ^ 

has  some  be^^ring  on  the  time  lag  in  igniting  down  the  perforation;  if  taken 
to  the  ridiculous  extreme  of  equa.l  heat  energy  available  from  the  igniter,  per 
unit  surface  area  of  the  charge,  both  internally  and  extema.lly,  there  would  be 
no  ignition  lag  of  the  type  under  discussion,  and  it  would  seem  reasonable  to 
suppose  that  the  lag  would  decrease  vrLth  inerease  in  perforation  diameter  (d). 

The  earlier  internal  ignition  of  the  British  multitube,  relative  to  the 
American  manufacture,  ha.s  an  adverse  effect  so  far  as  erosive  burning  is 
concerned,  a^s  erosive  burning  is  a  function  of  (a)  gas  velocity,  which 
‘decreases  as  burning  proceeds,  and  (b)  thickness  of  combustion  zone,  which 
also  decreases  with  increase  in  pressure.  These  two  factors  are  thought  to 
be  the  explanation  of  the  reduction  in  the  plotted  ratios  (R)  after  the 

maxiiiium  is  reached.  R  remains  nearly  constant  a.t  a  value  of  about  0.97  over 

a  ILiiited  pressure  range,  presumably  v/hen  erosive  burning  has  ceased,  a^nd  then 
coiriiiiences  to  decrease  when  the  web  oegins  to  bum  through  at  a  .ouch  earlier 

stage  than  would  have  bejn  the  case  if  the  assuioed  ideal  conditions  had 

existed. 

It  is  apparent  that,  with  the  British  sa^ople,  the  use  of  the  aecurate 
geometrical  forra  function  ioakes  it  Iropossible  to  deduce  a  simple  law  of 
burning.  For  the  multitubular  propellant  shape,  it  has  oeen  the  practice,  in 
the  past,  to  overcoi.ie  this  difficulty  by  increasing  the  web  size  by  for 
the  rate  of  burning  ealeula.t ions ,  and  to  assuiue  that  0  =  0  (i.e.  that  the 
burning  surface  is  constant). 

i.e.  -  R  ctf  =  1.15,  D  .  ^  . 

dt  dt 

The  factor  1.15  takes  the  place  of  1^  in  the  aeeurate  expression.  The  use  of 

C 

Q  =  0  instead  of  the  calculated  value  of  -  0.124  is  equivalent  to  a  12.4^*- 
inerease  in  burning  surface  (and  therefore  a  corresponding  decrease  in 
ealculatecl  rp.te  of  burning)  at  the  c^..i..iencement  of  burning,  and  a  12.4^ 
decrease  in  burning  surface  (  with  a  corresponding  increase  in  calculated  rate 
of  burning)  at  burning -through  of  the  web,  with  iiitermedia.te  adjustments  between 
these  two  stages.  This  is  intended  to  represent  an  approximate  correction 
for  erosive  burning.  The  rates  of  burning  for  the  British  ..rultitube  sa-ople 
were  recaleulated  on  this  basis,  and  the  new  figures,  divided  by  the 
corresponding  results  fur  the  cure  sample,  are  pljtted  in  Fig. 4  B(2).  It  is 
seen  that  the  huiop  due  to  erosive  burning  is  now  very  *.iuch  redueed,  and  the 
rate  of  Duming  of  the  multitube  is  cumpOvrable  with  that  of  the  eord  ov^r  a 
mueh  wider  pressure  range.  Also  it  is  possible  to  calculate  a  rate  of 
burning  law  for  the  uultitube,  which  is:- 

“  =  0.846  (compared  with  C.820  cord,  and 

dt 

C.796  slotted  tube). 

This  corresponds  to  (24)  of  0.375,  compared  with  0.376  for  cord,  and  0.380 
for  slotted  tube, 

^i(^o)  is  58.5,  corresponding  to  =  50.6,  the  estimated  heat  loss  being  4.6%. 
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(d)  G-eneral  remarks 

To  complete  the  comparison  of  shapes,  the  ratio; - 

rate  of  burnins  of  slotted  tube 

rate  of  burning  of  cord 

is  plotted  against  pressure  in  Pig.  ifB  (3).  The  constancy  rf  this  ratio  over 
a  wide  proportion  cf  the  burning  range,  in  comparison  with  the  multitubular 
shape,  clearly  demonstrates  the  superiority  of  slotted  tube,  on  internal  ballis¬ 
tic  considerations,  in  this  instance. 

The  ratio  between  the  rates  of  burning  of  the  two  multitubular  samples , 
plotted  against  pressure  in  Fig.  2+C,  shows  once  again' the  large  difference  in 
rate  of  burning  between  the  two  samples,  whereas  Pig.  4D  shoves  that  the 
difference  between  the  two  cord  samples  is  much  smaller. 

The  results  are  summarised  in  the  following  table. 


Closed  Vessel  results  for  American  and  British  samples  of  F.  527/'!  55  propellant 


Lot 

-To. 

Shape 

Size 

Burning 

/3P 

P 

;  law 
a 

a 

ms. per  sec. 
ton  per  'sqMn 

Experin 

force  c 
stants 

lental 

5on- 

- 1 

1 

Calcu¬ 

lated 

"X. 

American 

Ax. 66ai 

Cord 

0.1002 

0.771 

0.740 

0.395 

60.1 

51.7 

53.0 

Ex. 6638 

Hultitube 

0.0233 

0.66L^' 

'0.734*^* 

0.343^^^ 

59.9 

51.3 

52.7 

British 

E.B.D.E. 

2811  A 

Cord 

0.052 

0.820 

i 

0.698 

1 

0.376 

58.9 

51 .0 

) 

\ 

✓ 

^  - 

E.B.D.E. 

28110 

f/iultitube 

0.050 

CO 

• 

0 

1  (' 

0.676^ 

0)  (b) 

0.375 

58.5 

50.6 

j  52.9 

) nominal 

A 

E .  R,  D.  E. 

2811  I 

Slotted  '• 
tube 

'  0.053 

0.796 

0.705 

0.380 

58.8 

50.9 

1 

[b 

Differences  betv/een  experimental  and  calculated  values  of  *be  due  t  :> 

inaccuracies  in  thermochemical  data,  estimation  of  heat  luss,  gauge 
sensitivity,  vessel  volume,  recording  apparatus,  record  measurement,  etc. 

( e ^  Comparison  between  American  and  British  Closed  Vessel  results 

for  propellant  lot  no.  Bx.6638. 

The  data  received  from  the  O'.S.  on  the  four  samples  of  cool  propellant', 
sent  to  this  country  (U, S,  reference  -  }?‘’ile  BL, -138  -  100  “  l)  included  the 
reproduction  of  an  American  Closed  Vessel  record  (no,  A. 3.372)  for  propellanlt 
Ex. 6638,  together  with  various  measurements  of  this  and  five  similar  records 
(nos.  AS.  376,  380,- 384,  388,  ani  392). 


Units  -  tons  per  sq. in, /gram  per  c.c, 

) -using  geometrical  form  function, 

)-assuming  constant  burning  surface,  and  web  increased  by 
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The  following  inf orination  on  the  American  Closed  Vessel  firings  was  given 
under  the  above  reference 


Actual  bomb  volume 
v/eight  of  chprge-Nitrocelluloso 
X  V/eight  of  charge-blankf  ire 
V/cight  of  chaz'ge-smokeless  powder 


181  A  c.c. 
0.10  gm. 
1 .00  gm. 
35.18  gm. 


>=  The  approxiuiate  contribution  of  the  igniter  charge  to  the  total  pressure 
i s  800  p . s . i .  ^  Q 

r’iezo  gauge  crystal  constant  2.51  x  10  lb. /coulomb. 

i^iston  area  0.1105  sq.ins. 


The  closed  bomb  tesL  records  give  the  rate  of  pressure  rise  and  pressures 
in  terms  of  volts.  In  order  to  convert  pressure  to  p.s.i.  and  rate  of 

pressure  rise  to  p.s.i. /sec.,  the  following  formulae  are  used;- 

(1 )  je  = 

A 

(2)  ^  =  M 

dt  Ail 


where:-  =  ir'ressure,  in  Ib./sq.in. 

K  =  G-a.uge  constant,  in  lb. /coulomb, 

E  =  r'ressure  or  rate  of  pressure  change  in  volts, 
A  =  Aror  of  piston  in  sq.  ins'. 

0  =  Circuit  capacitaiice ,  in  farads, 
xl  =  Circuit  resistance  iii  ohms. 

For  record  AS.  372  (of  propellant  lot  Ex. 6638), 

R  =  180,000  ohms 
•  C  =  0.060  mf . 


Each  interval  on  the  rate  of  px‘essure  change  or  burning  rate  ordinate 
represents  .a  value  of  0.5  volts. 

The  first  and  last  intervals  on  the  pressure  ordinate  represent  0,50 
volts,  while  all  the  otht^r  intervals  represent  0.25  volts." 


Assuiming  that  the  0.1  gm.  of  nitrocellulose  used  for  ignition  is 
equivalent  in  force  to  0.1  gm.  of  Ex. 6638,  and  that  the  1  gm.  of  blank-fire 
is  equivalent  to  0.33  of  Ex -6638,  then  the  total  charge  is  equivalent  to 
(0.1  +  0.33  +  35.18)  gms.  (=  35.61  gms.)  of  Ex. 6638.  The  vessel  volume  is 
given  as  181.4  c.c.  Thus,  the  loading  density  is 


35-»  61  gn. /c.c  =  y.196  gm./c.G. 
181-4 


In  the  pressure  direction,  1  volt 


In  the  ^  direction,  1  volt  = 
dt 


r  2.51  X  lo"'^  X  O.O6Q  tons/sq.in.  =  6.084 
^  0.1105  X  222+0  X  10^  tons/sq.in. 

i  o 

_ 2 .  51  X  1 0 _ tons  per  sq,in. 

0.1105  X  180,000  X  222+0  per  sec. 


563.4  tons  per  sq.in./sec. 


From  the  photostat  copy  of  the  American  record  no,  AS.  372,  values  of  ^ 

dt 

(in  volts)  were  rea.d  at  pressure  intervals  corresponding  to  0.125  volt,  and 
the  measurements,  converted  to  tons  per  sq.in./sec.  and  tons  per  sq.in. 
respectively,  are  plotted  ia  Eig.  5^‘i-  (b).  In  the  s^me  gra.ph  are  plotted  the 

11. 


mean  values  of  the  ineasurements  made  by  the  Americans  on  the  ^ix  records  for  the 
evaluation  of  relative  quickness  and  relative  force.  These  points  are 
.enclosed  in  squares  in  the  graph. 

A  charge  of  Ex. 6638  was  then  fired  in  the  British  7OO  c,c.  vessel,  at  a 
loading  density  approximating  to  that  used  by  the  Americans,  Due  to  round-to- 
round  differences  in  vessel  volume,  the  loading  density  was  not  exactly  equal 
to  0.196,  but  the  difference  was  insignificant.  The  v;eight  of  gunpowder  used 
v/as  4.5  (assuined  to  be  equivalent,  in  force,  to  1.5  gms.  Ex. 6638),  with 

136.34  gms,  of  charge.  Thus,  the  loading  density  was  137.84  gms./c.c.  =  0.197 

701.2 

gms./c.c.,  the  vessel  volume  being  701.2  c.cs.  The  record  obtained  for  this 
round  (no. 1745)  is  shown  plotted  at  (a)  of  Pig.  54,  for  comparison  with  the 
American  record.  It  is  seen  that  there  is  a  considerable  difference  between 
the  two  records.  The  ma.xinium  pressure  indicated  by  the  British  record 
corresponds  to  a  Xq  of  50.9,  compared  with  a  mean  figure  of  51-3  three 

rounds  at  a  loading  density  of  0.25  grams  per  c.c.  ,  and  the  value  of  52.7 
calculated  fro  a  the  thermochemical  da.ta. 


Thus,  the  single  British  record  for  a  loading  density  of  0.197  gms./c.c. 
does  not  appear  to  be  in  any  considerable  error,  so  far  as  maximum  pressure  is 
concerned,  the  measured  value  being  12.161  tons  per  sq.in.  The  figure  given 
by  the  iVmericans  for  the  iiiaxi.Liuia  pressure  of  round  AS.  372,  in  terms  of  volts, 
is  1.729,  corresponding  to  a  pressure  of  10.519  tons  per  sq.in.,  i.e.  about 
13.^  less  than  that  of  the  British  round  fired  at  very  nearly  the  sai^e  loading 
density''.  Also,  the  /unerican  values  of  ^  are,  on  an  average,  about  17^  loss 

dt 

than  the  British  values  for  the  same  pressures.  In  attempting  to  explain 
these  discrepancies,  the  following  possibilities  Liay  be  considered: - 


(a)  Heat  loss  very  much  greater  in  the  I'mierican  vessel  than  in  the 
British  Vessel 

(b)  Inaccuracies  in  (i)  measurement  of  vessel  volume 

( i i )  gauge  calibration 

(iii)  circuit  capacitance,  C,  and  circuit 
resistance,  il. 

(iv)  calibrating  voltage 

(v)  gauge  piston  size. 


Y/ith  regard  to  (a)  a.bove,  the  heat  loss  in  the  British  vessel  was 
estii.]a.ted  to  be  5*1/^.  4t  a  rough  estimate,  the  heat  lost  to  the  vessel  walls 
might  be  expected  to  be  proportj.cnal  to  the  ratio  of  the  cooling  surface  area 
to  the  vessel  volume,  if  the  only  variant  is  the  vessel  volume  (i.e.  the  propell¬ 
ant  type,  shape,  size  and  loading  density  are  'unaltered) .  For  the  British 
vessel,  this  ratio  is  1.667  ins. and  the  figure  for  the  iuuerican  vessel  is 
csti*.iated  to  bo  2.72  ins.“  .  Thus,  the  order  of  magnitude  of  the  heat  loss 
in  the  -.American  vessel  v/ould  be  expected  to  be  5*1  x  2.72  %  r. 

1.667 

greater  than  in  the  British  vessel.  As  an  approxij.iate  check  on  this  figure, 
some  figures  given  by  Crow  and  G-rimshaw  (ref ,3)  are  of  interest.  The  figures 
they  quote  are  for  a  nitrocellulose  propellant  (fl.ame  temperature,  2998°K)  in 
cord  form  O.O7I  cm.  in  diai-ieter,  fired  at  various  densities  of  loading  in  two 
vessels,  of  649  cm.  and  I3O.7  cm^  capacity  respectively  (i.e.  fairly  close  to 
those  of  701.2  cm.  and  181.4  cm^  now  under  consideration).  At  a  loading 
density  of  0.205  gra..is  per  c.c.,  the  maxi*iui.i  pressures  v/ere  2616  kg/CL.i?  in  the 
laigpr  vessel,  and  2523  kg./c,.i?  in  the  Si.ialler  vessel,  a  difference  of  3  *6/0  which 
is  in  good  agreement  with  the  previous  estii.iate  of  3.Z/. 


12. 


As  a  further  check  on  the  heat  lost  by  conduction  to  the  vessel  walls, 
the  area  of  the  cooling  surface  in  the  British  vessel  was  artificially  increased 
by  introducing  into  the  chamber  a  steel  cage  of  such  a  shape  that  the  ratio 
cooling  surface  area  was  2.732  ins.  ^  i,e,  very  nearly  equal  to  the  figure 
vessel  volume 

A 

of  2.72  ins.“  cstiina.ted  for  the  Ainerican  vessel.  This  reduced  the  vessel 
volume  to  661.7  c,cs.  A  single  round  of  Ex. 6638  was  then  fired,  the  weight 
of  gunpov/der  being  3.6  grams,  and  the  weight  of  propellant  127.8  grams. 

Thus,  the  effective  loading  density  was  0,195  grams  per  c.c.  The  measured 
iiiaxiiflum  pressure  was  11,818  tons  per,  sq.in.  ,  compared  with  12,161  tons  per 
sq.in.  ,  for  the  single  round  fired  at  a  loading  density  of  0.197  grams  per  c.c. 
under  normal  conditions  of  heat  loss.  Correcting  for  the  slight  difference 
in  loading  density,  the  difference  between  these  twe  pressures,  due  to  the 
different  amounts  of  cooling  surface,  is  a  little  less  than  2  %.  Bearing  in 

mind  the  fact  that  it  is  based  on  single  firings  only,  this  figure  is  in 
reasonable  agreement  vrith  the  previous  estimates  of  3.2  '"/o  and  3.6  /o,  and  shows 
fairly  conclusively  tha.t  only  a  relatively  suiall  fraction  of  the  aiiiount  by 
which  the  uiaximuiii  pressure  in  the  American  vessel  falls  short  of  that  in  the 
British  vessel  when  fired  at  the  same  density  of  loading  (i.e.  about  13.5 
is  attributa.blc  to  a  greater  loss  of  heat  by  conduction  to  the  vessel  walls. 
There  still  reimains  a.  difference  of  the  order  of  IQ'c  to  be  accounted  for. 

It  should  be  explained  that  the  csti.mated  5*1^^  heat  loss  in  the  British 
vessel  is  intended  to  include  all  the  energy  losses.  In  addition  to  the  loss 
by  conduction  to  the  vessel  walls,  some  of  the  available  energy  is  expended 
in  expanding  the  vessel,  and  it  is  probable  that  the  proportion  of  energy  so 
a.osorbed  is  i.iuch  greater  in  the  A:.icr3can  vessel  than  in  the  British  vessel. 

Also,  owing  to  the  rtjsilient  na.ture  of  the  obturating  system  employed, 
compression  of  the  obturator  in  the  A*.ierican  vessel  may  absorb  Pai  appreciable 
proportion  of  the  availa.blc  energy. 

Thus,  the  method  adopted  abovo  of  scaling  up  the  total  hea.t  loss  in. 
the  proportion  of  ratios  of  cooling  surfr.ce  ..lay  well  be  misleading.  The 

vessel  voiui.ic 

most  satisfactory  method  of  estimating  heat  loss  is  from  firings  of  a  wide 
range  of  sizes,  at  the  same  loading  density,  of  propellants  of  accurately- 
known  compositions. 

The  secOiid  possibility  b  (i;,  that  the  volui.ie  of  the  A.*iOrica.n  vessel  had 
been  inaccurately  assessed,  v/as  next  explored.  A  charge  of  Ex. 6638,  to  give 
the  s?-je  i.iaxi.-ium  pressure  in  the  British  vessel  as  that  produced  in  the 
American  vessel,  v/as  assessed,  and  the  lo.ading  density  required  v/as  found  to 
be  0.176  grai^iS  per  c.c.  The  cha.rgo  consisted  of  4  groa.is  of  gunpowder  and 

121.1  gra-.is  of  Ex, 6638,  Three  rounds  were  fired  at  this  loading  density, 

and  the  mean  measurements  of  the  three  records  are  plotted  in  Eig.  5  A  (c). 

The  mean  maxi,.ium  pressure  c.a..ie  a  little  below  that  of  the  ^u^iOrican  firings, 
(10,428  tons  per  sq.in.,  compared  with  10,653) ,  t)ut  agreement  with  the  ..lean 
of  the  American  firings,  (the  points  enclosed  in  squares),  is  quite  good. 

For  a  more  exact  compa.rison,  curves  of  rate  of  burning  agp.inst  pressure, 
deduced  froiA  the  british  firings  at  A  0.1 76  ^^nd  from  the  Ai-icrican  firings  at 

^  0,196,  are  plotted  in  Fig.  5  ?-t  (b)  a.nd  (aj  respectively.  For  most  of 

the  pressure  range,  agreement  is  famrly  good,  but,  as  is  to  be  expEcted,  the 
two  curves  diverge  considerably  at  .aaxi..iL.i  d-F,  i.c.,  when  the  propellant  web 

dt 

has  c^i-Loenced  t.j  burn  through.  This  f^ll;ws  fro:o  the  fact  that  the  mean 
..iaxm.u-.t  pressures  were  different,  with  the  result  that  v/cb  break-dmm 
c.o.L.ienced  at  different  pressures  in  the  tw^  cases.  The  meth.)d  used  f^<r 
calculating  rates  .f  burning  is  n-t  applicable  beyond  the  str^e  ..f  web 
brca.k-d^wn. 


iviuch  can  be  deduced  from  the  relf'tively  good  agreement  between  the 
^'Unerican  and  british  rate  of  burning  curves.  In  the  first  place,  rate  of 
burning  is  unaffected  by  heat  loss,  and  the  possibility  of  different  heat  losses 
in  the  two  cases  still  remains,  Sceondly,  rate  of  burning  is  independent  of 
vessel  volume  ,  so  it  is  possible  that  the  volume  of  the  American  vessel  has 
been  under -assessed.  Thirdly,  pny  inaccuracy  in  the  gauge  calibration  would 
have  appeared  p.s  a  consistent  difference  between  the  two  rate  of  burning  curves, 


for  the  following  reasons. 

The 

approxiiiiat e  rate  of  bumiag  at  pressure  iP 

is  given  by  the  expression 

1 

D 

di-' 

G-Piii 

dt 

/(0  +  T)2' 4'q.“0 

P  and  G  are  func cions  of  the  grain  geofjftry  only.  The  ratio  is  unaffected 

by  inaccurate  gauge  calibration,  as  P  and  v/ould  be  equally  in  error.  For 
this  same  reason,  the  ratio  dP  /P^;^  would  be  unaffected,  and  the  calculated 

dt 

rate  of  burning  would  therefore  be  the  same.  The  pressure  P,  hov/ever,  would 
be  in  error  to  the  same  extent  as  the  gauge  calibration,  and  this  would,  of 
course,  result  in  a  consistent  difference  between  the  two  rate  of  burning  curves. 
As  no  such  consistent  difference  is  found,  it  is  presiimed  that  the  Ainerican  and 
British  gauges  ai’e  in  agreement.  Fourthly,  this  same  reasoning  my  be 
employed  to  remove  suspicion  from  the  calibration  vol’tr.ge  and  the  gauge  piston 
diai.ieter. 

The  remaining  possibilities  are  inaccuracies  in  C  and  P.  For  the 
American  recorded  curve  to  agree  with  the  British,  C  v/ould  need  to  be  increased 
by  11.6  %  (e-llDwing  for  a  4/-^  difference  in  cooling),  making  0=0,067  oif,  and 
at  the  same  time,  A  would  have  to  be  reduced  by  about  %  (with  the  saiue 
difference  in  cooling),  making  A  =  1.51,000  oh*.is.  The  possibility  that  0  and 
A  are  both  in  error  by  the  requisite  oiAounts  would  appear  to  be  too  remote 
to  justify  serious  consideration. 

\7e  are  left,  therefore,  with  some  dv^ubt  regarding  the  heat  loss  and 
chaiober  volume  of  the  iLoerican  200  cc,  vessel,  Incidentally,  for  the 
discrepancy  to  be  due  entirely  to  heat  loss,  the  heat  loss  would  be  19.4^, 
if  the  British  experimental  value  of  X  q  ,  which  is  about  2^  %  less  than  the 
calculated  value,  is  assumed  to  be  correct. 


14. 


Conclusions 


Aiiierican  F.  327/l  53-type  propellant 

(1)  For  cord  sample,  rate  of  burning 

constant  =  0.395  ins,  per 

sec. /ton  per  sq.in, 

(2)  The  multitube  sample  burned  noii- 
erosively,  and  the  geometrical 

f orm-functioa  was  therefore  used 
to  calculate  rates  of  burning, 
from  which  it  was  deduced  that 

(3y  (24)=  0.343. 

(3)  (No  slotted-tube  sample  supplied) 

(4)  The  multitube  was  about  ''fo 
slower  than  the  cord  in  rate  of 
burning 

(5)  The  experimental  value  of  \  (10) 

(i.e,  the  force  constant  correspond¬ 
ing  to  the  use  of  the  fictitious 
co-volume,  at  a  pressure  of  18  tons/ 
sq.in.  j  v;as  approxima.t ely  6O.O  tons 
per  sq.in./gm.per  c.c,  for  both 
sainples . 

(6)  The  mean  experimental  value  of  X  0 

for  the  two  samples  (i.e,  the 
force  constant  corresponding  to  the 
correct  co-volume)  was  5'^.5,  the 
difference  between  the  two  samples 
being  less  than  1  70, 

(7)  The  mean  value  of  X  0  ,  calculated 

from  anp.lysis  and  thermochemical  data, 
v/as  52.85,  the  difference  between  the 
two  samples  being  less  than  1  4. 

(8)  The  experimental  Xq  was  2,6  "a  less 
thpji  the  calculated  value. 


British  F.  527/^ 55  propellant 

(1)  For  cord  sample,  (24)  =  0.376 

(i.e.  nearly  5  %  less  than 
that  of  the  American) 

(2)  Erosive  burning  in  the 

perforations  of  the  inultitube 
made  it  necessary  to  assume 
constant  burning  surface  for 
the  calculation  of  a.  burning 
law,  from  which  it  wa.s 
deduced  that  P^  (24)  =  0.375 

(3)  P\  (^^)  for  the  slotted  tube 
was  0.380. 

(4)  The  rates  of  burning  of  the 
cord,  multitube  and  slotted 
tube  were  in  good  a.greement , 
the  spread  being  little  more 
than  1  yo  , 

(5)  The  mean  value  of  X^  (10)  for 

the  three  samples  v/as  58.7, 
and  the  difference  from  sample 
to  sample  was  not  sigaif ica.nt . 


(6)  The  mean  experimental  value 
of  X  0  for  the  three 
samples  was  50*8,  the  spread 
being  less  than  1  %, 


ilj  'Jhe  va.luc  of  X  ^ 


c  a  leu  la  t  cd 


from  nominal  composition  and 
thermcchemical  data,  was 

52.9 


(8)  The  experiuiontal  Xq  v/as 

4  /-  less  thpui  the  calculated 
value . 

(S)  The  A..ierican  cord  burned  about  5/.  faster  than  the  British  cord. 

(10;  The  Aiaerican  laultitube  burned  about  8.3%  slo\7er  than  the  British  multi  tube. 
(This  conclusion,  hov/ever,  is  bfsed  on  different  propellant  foru 
functions) . 

(11)  The  nean  experimental  value  of  X,(io)  for  the  American  sa.nples  was 
about  greater  than  that  of  the  British  sa..iples. 

(12)  The  mean  experiiiental  value  of  X  0  for  the  A..ierican  saa-iples  was  about 

1%  greater  than  that  of  the  British  sariple. 

(13)  The  mean  calculated  value  of  X  ^  for  the  American  samples  was  not 

significantly  different  from  tha.t  of  the  nominal  British  composition. 


^5. 


COmnENTIAL 


DlSCREJirr 


(14)  The  rates  of  burning  for  the  American  multitube  saunple,  deduced  from 
the  Ajnerican  Closed  Vessel  firings,  are  in  reasonably  good  agreement 
with  those  deduced  from  the  British  Closed  Vessel  firings. 

(15)  V/hen  fired  at  a  loading  density  of  0.2  grams  per  c.c.  ,  the  maximum 
pressure  produced  by  the  American  multitube  sample  in  the  American 
Closed  Vessel  is  13  '/-  less  than  that  produced  in  the  British  vessel. 

(16)  By  virtue  of  its  suialler  chamber  volume,  a  greater  proportion  of  the 

available  heat  energy  is  lost  by  conduction  to  the  vessel  walls  in  the 
American  vessel  than  in  the  British  vessel,  the  difference  being  of 
the  order  of  3  9  reducing  the  discrepancy  referred  to  in  (I5)  above 

to  10  %. 

(17)  In  vie^  of  (14)  above,  the  10  ;6  discrepancy  referred  tn  in  (16)  may  be 
due  to:- 

(1)  a  higher  proportion  of  energy  loss  in  the  American  vessel  in 
expanding  the  vessel  body  or  in  compressing  the  obturators, 
or  both, 

or  (ii)  an  inaccurate  assessment  of  vessel  volume, 
or  (iii)  a  combination  of  the  above  factors. 
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Defense  Technical  Information  Center  (DTIC) 
8725  John  J.  Kingman  Road,  Suit  0944 
Fort  Belvoir,  VA  22060-6218 
U.S.A. 


AD#; 

Date  of  Search:  16  February  2007 
Record  Summary: 

Title:  Closed  vessel  examination  of  two  samples  of  American  cool  propellant 
Covering  dates  1951 

Availability  Open  Document,  Open  Description,  Normal  Closure  before  FOI 
Act:  30  years 

Former  reference  (Department)  Memo  No  9/50 
Held  by  The  National  Archives,  Kew 


This  document  is  now  available  at  the  National  Archives,  Kew,  Surrey,  United 
Kingdom. 

DTIC  has  checked  the  National  Archives  Catalogue  website 
(http://www.nationalarchives.gov.uk)  and  found  the  document  is  available  and 
releasable  to  the  public. 

Access  to  UK  public  records  is  governed  by  statute,  namely  the  Public 
Records  Act,  1958,  and  the  Public  Records  Act,  1967. 

The  document  has  been  released  under  the  30  year  rule. 

(The  vast  majority  of  records  selected  for  permanent  preservation  are  made 
available  to  the  public  when  they  are  30  years  old.  This  is  commonly  referred 
to  as  the  30  year  rule  and  was  established  by  the  Public  Records  Act  of 
1967). 
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